Soil properties and plant growth were measured over two years.
All organic amendments tended to lower the subsoil bulk density and increase organic matter and total nitrogen. subsoil with organic sewage sludge, and lime major factors limiting Low amounts of available essential nutrients and extreme acidity (Dancer and Jansen, l987), have been implicated in limiting post-mine plant growth.
Subsoil acidity may be and important yield limiting factor (Sumner et al., 1986) .
It restricts roots from penetrating deeply into such soils (Adams and Moore, 1983) . Organic amendments to subsoil may also decrease bulk density.
Subsoil compaction often occurs during soil replacement by heavy equipment.
Studies on the rooting behavior of row crops in mined soils of southern Illinois (Grandt, 1988) showed the plant root system was confined to the topsoil layer as a result of the adverse physical and structural properties of the subsoil . (Steele, et al., 1982 (1986) .
Waterholding capacity was determined using the method developed by Klute (1986) . within each waste treatment. The soil samples for chemical analyses were airdried, and ground to pass a 2-mm sieve.
Soil pH was determined with a pH meter on a 1: 1 deionized water to soil mixture (McLean, 1982) . Exchangeable Ca, Mg, K, and Na and CEC were determined with the neutral o M NH 4 0Ac method (Thomas, 1982) .
Available P was determined using the Bray-I (Bray and Kurtz, 1945) which has been commonly used in Kentucky for disturbed land.
Organic matter (Nelson and Sommers, 1982) and total nitrogen (Bremner and Mulvaney, 1982) Microbial biomass (C) was determined using a chloroform fumigation procedure {Parkinson and Paul, 1982) . Soil respiration rate (CO 2 evolution rate) in the laboratory was measured by gas chromatography on a Varian 3700 gas chromatograph equipped with Porapak Q column operated at 80°C (Rice and Smith, 1982) .
P]ant analyses
Forage tissue (five samples collected for each treatment) and corn ear-leaf (four samples collected for each treatment) were sampled and dried under vacuum at 65°C.
These samples were ground with a Thomas-Wiley mill, pass a O. 425 mm sieve and stored in plastic bags.
The samples were then analyzed for N, P, K, Ca, and Mg. Nitrogen and P in plant tissue were determined based on the micro-Kj eldahl method as presented by Jones and Case (1990) .
Potassium, Ca, and Mg were determined using the nitric-perchloric wet-ashing procedure (Jones and Case, 1990 Table 3 . Total heterotrophic and facultative anaerobic organism population, biomass C, and respiration rate were still higher than the check after three years following waste application.
The horse bedding treatment had significantly high values among these microbiological parameters.
This was probably due to the high amount of carbon added to the subsoil Another possibility is that lower microbial activity in sewage sludge and poultry manure treatments is due to effect of time, these observations were made three years after the wastes were applied. The results would be different if the microbiological activities were observed soon after application of organic wastes.
Decomposition and mineralization rates are usually faster, particularly for poultry manure than horse bedding, as most of the sewage sludge and poultry manure materials were mineralized after three years (Zhai et al., 1993) . Subsoil liming did not significantly affect microbial activity. This is probably due to that microbial activity and development is usually confined below pH 4.5 (Tate, 1985) .
Corn response
Results for corn grain yield, N removal, ear-leaf element concentrations are presented in Tables  4, 5, and 6 for 1991, 1992, and 1993, respectively.
The grain yield and N removal were significantly affected by the different subsoil amendments. Yields were generally higher for sewage sludge and poultry manure treatments than for the check.
The horse bedding treatment had the lowest yield over all three years. This is likely due to the high C:N ratio of horse bedding reduced N availability (Zhai et al., 1993) . Corn plants in the horse bedding plot were more chlorotic, especially during the grain filling period.
Reduced N availability in horse bedding treatment was also shown in an N mineralizationimmobilization study in which net immobilization was observed {Zhai et al., 1993 The ear-leaf N concentration has been repeatedly used as an indicator of the N nutrition of the corn crop (Dirks and Bolton, 1980) . Ear-leaf N concentrations found in this study were different, depending on organic amendment.
Higher ear-leaf N concentrations were observed for sewage sludge and poultry manure treatments than for the unamended check and horse bedding treatments (Tables 4 and 5) . The ear-leaf N concentrations in all organic amendment treatments were generally not much different from that of the check in 1993 (Table 6 ). Subsoil liming consistently improved ear-leaf N, though not significantly. (--------------g/kg --------------) Table 6 . Ear-leaf composition, grain yield, and N removal in 1993 as affected by organic waste application and liming of subsoil. Average values for ear-leaf N were similar. Steele et al. (1982) reported critical values of 28. 2 g kg" 1 for ear-leaf N concentration. Dirks and Bolton (1980) found the level of leaf N was a grain yields, good predictor of corn and that the ear-leaf N In this study, ear-leaf N for horse bedding ranged from 15.9 to 20.4 
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